Since the introduction of the fractional FGM(1,1) model, it has been widely used in all aspects of society. However, the original FGM(1,1) model has certain defects. Therefore, many experts and scholars have proposed many optimization methods for the shortcomings of the fractional FGM(1,1) model, and have been well applied. Since the gray action of the FGM(1,1) model is a fixed constant, the dynamic variation characteristics of the system cannot be well described. Based on this, this paper proposes a new SFGM(1,1,k) model by optimizing the gray action amount and reconstructing the background value of the optimized model using Simpson formula to improve the FGM(1,1) model. Then, apply it to the numerical examples of import and export totals. The results show that the combined optimization of SFGM(1,1,k) has higher fitting accuracy and better prediction effect. The validity and practicability of the SFGM(1,1,k) model are verified. The application range of FGM(1,1) model is extended.
Introduction
Nowadays, with the rapid development of international trade, import and export trade plays an indispensable role in the national economy and plays a decisive role in the country's economic development. The total import and export volume is an important indicator used to measure the total size of a country's foreign trade, reflecting the total amount of goods entering and leaving a country's borders. In the past 2018, the total import and export of Chinese goods reached 30.5 trillion yuan, an increase of 9.7% from the previous year's historical high, once again creating a new historical record. Therefore, under the background that China's opening up to the outside world is deepening and foreign economic and trade influences on China's economic growth is increasingly prominent, it is particularly important to construct a reasonable and accurate forecasting model with certain innovation. An accurate and reasonable forecast will provide an important theoretical basis for China to optimize the structure of import and export trade, upgrade import and export trade, and make macroeconomic regulation and control of China's economic development.
It is precisely because of the important position of the total import and export in the development of the national economy, so a large number of scholars have invested in the forecasting work on the total import and export volume. Luo et al. [1] introduced the chaotic time series analysis method into the RBF neural network model, and applied it to the chaotic analysis and nonlinear prediction of the total time series of import and export, and achieved good prediction results. Huang [2] combined the gray system theory with the Markov transition probability to gray-scale the total import and export volume of China to ASEAN and the total import and export volume of the Guangxi Province to ASEAN, and establish metabolic GM (1, 1) and residuals. The combined model of GM (1, 1) and Markov is used for predictive analysis. Tian et al. [3] established the RBF neural network model to predict and analyze the total import and export volume of China. The application proved that the RBF neural network prediction effect is better than nonlinear regression and BP neural network prediction. Yang [4] conducted an empirical analysis of the total import and export volume of the Guangdong Province by combining the seasonal ARIMA model and outlier analysis. Subsequently, Li et al. [5] also used time series analysis to predict and analyze the total import and export volume of China, and concluded that the short-term prediction effect of ARMA model is better than long-term prediction. Ren [6] used the ARIMA model to analyze the total import and export of the Henan Province, and finally determined that the ARIMA (2,2,4) model has a good predictive effect. Xue et al. [7] used the econometric method to establish a forecasting model for the total import and export trade in the Jilin Province. Hu [8] used a multiple linear regression model to analyze the model and established a multifactor predictive model. Recently, Wang et al. [9] used the time series method to analyze the total import and export volume of China, and established the corresponding seasonal time series SARIMA model. It can be seen from the above research literature that the predictive analysis model for the total import and export mainly includes the time series analysis model, the BP neural network model, the RBF neural network model, the GM(1,1) model and combined prediction model. Since Professor Deng Julong founded the Grey System theory in 1978, the grey prediction model has been widely applied to economic, agricultural, military, and ecological fields [10] [11] [12] [13] [14] .With the continuous improvement of the grey system theory, some scholars [15] [16] have extended the integer order accumulation to the fractional order accumulation, and established a gray prediction model based on fractional order accumulation, which reduces the perturbation range of the grey prediction model solution. Greatly improved the prediction accuracy. In addition, on the basis of the classical grey system theory, a large number of scholars have continuously improved the model, and the accuracy of the gray prediction model has been continuously improved, and the model form has also changed. The main improvements include preprocessing the original data sequence [17] [18] , improving the initial conditions of the model [19] [20] , improving the background value of the model [21] [22] [23] [24] [25] , and improving the parameters of the model [26] [27] . Four aspects. Among them, many scholars [28] [29] [30] [31] used a more accurate integral formula to transform the background value of the classical GM(1,1) model. There are also many scholars [32] to improve the accuracy of the model by improving the solution method or model form of parameters , a b , which has also been widely recognized by the academic community.
Based on the extensive research work done by the above scholars, this paper optimizes and improves on the basis of the fractional gray FGM(1,1) model. Considering the limitations of "single improvement" in the model, a combinatorial optimization method is proposed. The method considers the optimization of the gray action amount b and the background value, and uses the Chinese import and export total data to establish the FGM(1,1), GM(1,1) and SGM(1,1) models respectively. The optimized SFGM (1,1,k) model has higher prediction accuracy than the other three models. 
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Equation (12) is called the whitening differential equation of the ℎ-order. Cumulative gray GM(1,1) model.
To solve equation (12), let
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Discretizing equation (20) yields
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SFGM (1,1, k) Model

Model error analysis
From the time response sequence of FGM (1,1,k) , the prediction accuracy of the FGM (1,1,k) 
equation (23) Fig. 2 .The shaded part in Fig.2 is the calculation error of the Simpson formula relative to the trapezoidal formula. Consider the integral of (24) in interval [ 1, 1] k k   , we can get
Equation (25) can be further expressed as
Using the Simpson formula to approximate the integral of
Then equation (26) can be expressed as 
Model Test
Model error is an important index to evaluate the reliability and practicability of a model. In this paper, in order to test the prediction accuracy of the model, the mean absolute percentage error ( 
Where n represents the total number of sample data and N represents the number of data used to fit the model. Obviously, the smaller 
Forecast Analysis of Total Import and Export
In order to fully verify the correctness and effectiveness of the proposed SFGM(1,1,k) model, This paper selects and compares the total import and export volume with the similarity of literature and literature [34] . The data is extracted from the total import and export volume of Table 1 . 
According to the time response equation of each model, the total import and export volume from 2000 to 2006 was modeled and fitted, and the total import and export volume from 2007 to 2011 was predicted.
Comparing the fitting results with the real data can be obtained as shown in Table 2 below, and the fitting prediction effects of the different models are shown in Fig. 3 .
According to Table 2 , the fitted mean absolute percentage error Further, in order to more intuitively display the prediction effects of each model, the relative error of the above different prediction models and the MAPE are shown in Fig. 4 . It is easy to see that the SFGM(1,1,k) prediction model proposed in this paper improves the fitting accuracy better. At the same time, the prediction accuracy of the model has also been significantly improved. The rationality and effectiveness of the improved method in this paper are verified. 
